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Abstract 
This study explores the relationships between the improvements in students’ achievement in mathematics and the teaching 
methods. The sample consists of lower secondary students (N=868) and a group of teachers (N=53) who participated in a 
programme for the improvement of the teaching and learning of mathematics in Italy. A mixed methods methodology was used 
and both the accounts of teachers written in logbooks created for the project and the results obtained by students in mathematics 
were analyzed. 
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1. Introduction 
The present study is focused on the relationships between teaching styles and improvements in students’ 
mathematics achievement at the classroom level and it is based on a group of teachers (N=53) who participated in 
an experimental programme called M@t.abel. This programme had the goal of increasing lower secondary school 
achievement in mathematics in Italy, by providing teachers with alternative solutions and methods for presenting 
traditional contents (Argentin et al, 2014). The programme was aimed at maths teachers in grades 6-8 (middle 
school) and 9-10 (the first two years of high school) who were voluntarily involved in the project.  
The M@t.abel programme used specially prepared materials and educational activities that teachers tested on 
one specific class (the experimental class). These materials, most of which were designed for studying in small 
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groups of students, using non-direct teaching methods, were related to four key thematic areas in mathematics: 
numbers, geometry, relations and functions, data and forecasts. The teachers had to address each of these four areas, 
but they had a range of possible materials and activities from which they could choose those that they considered 
most effective and appropriate. The progress and results of this experimental teaching were contained in a specific 
instrument for evaluation and information: the log book, which forms the basis for most of the data in this study. 
The logbooks compiled information relating to the practical experiences of teachers, the processes they initiated in 
the classroom and their outcomes. Each teacher compiled a minimum of four logbooks, one for each of the key 
thematic areas examined in the project and related to the classroom activities. The logbook was divided into two 
main sections: i) a questionnaire with items intended to determine the teacher’s reasons for choosing specific 
activities, the methods and contents of these activities, the timescales and organization of teaching, the kind 
of evaluation adopted, and the impact of the activities on the students; ii) a "report of activities" structured as an 
open field in which the teachers were asked to recount their experiences regarding each teaching unit they adopted. 
In this section, the teachers were asked to focus on their work in the lessons, and to explain the context and the 
methodologies used. 
M@t.abel was then followed by an evaluation plan intended to measure the effect of the programme on students’ 
results in mathematics. The evaluation plan was one of the first randomized controlled trials to be implemented in 
Italian schools. In the evaluation plan, the emphasis was on the reports of the teachers of classes which had been a 
part of the M@t.abel project, in order to understand how these teachers applied the experimental process in their 
lessons, as well as to identify the possible effects of this process on students’ results in mathematics1. 
 
2. Objectives 
The general objective of this paper is to explore the relationship between changes in students’ mathematics 
achievement from the beginning to the end of the school year and the teaching methods adopted by the teachers 
during the implementation of the project, as described and narrated in the teachers’ logbooks. The present study 
specifically aims to: 
x Identify the key concepts that describe the experiences of the teachers involved, trying to identify 
specific teaching strategies of the M@t.abel project and highlighting the process of narration-reflection-action 
that was initiated in the study 
x Identify the networks of relationships between the key concepts, describing teaching experiences for lower and 
higher levels of value-added in mathematics achievement with the aim of reconstructing the different patterns of 
the educational process undertaken by the teachers, while highlighting any particularly virtuous practices adopted 
3. Method 
3.1. Data 
The data was taken from 145 logbooks complied by 53 teachers who participated in all the phases of training and 
evaluation. The student data was based on the mathematics test results at the beginning and the end of the school 
year (N=868). We chose to analyze the field of "experience" inside the logbook, which contains the set of teaching 
practices and processes adopted by the teacher and which is characterized by a richness and significant 
diversification of its contents. Each teacher was assigned a specific class, and the level of competency of its students 
in mathematics was evaluated before and after their participation in the M@t.abel project. 
 
 
1 M@t.abel is an acronym for Matematica, apprendimenti di base con e-learning and was carried out with EU funding - PON Education 
2007-2013 (Evaluation of M@t.abel Plus I-3-FSE-2009-2). F or more information: Evaluation of PON M@t.abel, Report on the preliminary 
results on the effects of the programme PON M@t.abel 2009/2010, Volume I and II; Report of the analysis of logbooks 2009/2010. 
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3.2. Methodology 
The study was conducted using mixed research methodologies (Alivernini, 2012; Johnson, Onwuegbuzie, & 
Turner, 2007) that combine both qualitative and quantitative approaches in order to obtain richer and more reliable 
estimates on the basis of the data. Methodologies of this type are often sequential, which means that the quantitative 
and qualitative analyses are effected at different times (Teddlie & Tashakkori, 2009). In this study, the first step was 
of a quantitative type, based on the application of a value-added model, while the second step was of a qualitative-
quantitative type, based on an analysis of text mining. 
3.2.1. First step: the value-added model 
When value-added models are applied to the field of education they make it possible to measure school or class 
outputs (e.g. student achievement) while taking into account factors such the students’ background and their prior 
achievement. In this study the progress of the students in mathematics was considered at the class level and was 
calculated by means of multilevel modelling (Raudenbush & Willms, 1995; Ricci, 2008; Timmermans, Doolaard, & 
De Wolf, 2011), while taking into account the students' previous levels of knowledge and competency in 
mathematics. Added values in the model express the difference between a class in the study and the average class 
for students with a certain level of prior achievement in mathematics. 
The estimated added values were then categorized into tertiles, so as to obtain two principal macro-categories: 
classes of students with a low level of value-added in mathematics and classes with a high level of value-added in 
mathematics. 
3.2.2. Second step: the text mining analysis 
A text mining analysis (Feldman & Sanger, 2007) makes it possible to analyze textual data and to capture the 
key concepts of the accounts in the teachers’ logbooks. In this study the text mining analysis involved: 
x Extrapolation of the key concepts related to the experience of the teacher by means of an analysis that favours the 
semantic level and that focuses on homogeneous meanings 
x Characterization of the concepts extracted compared to the two levels of value-added and identification of 
specific teaching processes 
x Identification of the network of relationships between the key concepts extrapolated, read in relation to the two 
levels of value-added 
 
4. Results 
The key concepts that emerge from the teachers' written accounts, considered at both low and high levels of 
value-added mainly refer to: 
x The composition of the class and its characteristics 
x The methodologies and tools utilized 
x The educational processes initiated 
x The activities experienced and the mathematical elements dealt with 
x The emotions and the perceptions within the class 
 
The system of relationships between the concepts that emerged from the text mining analysis has a different 
pattern in classes with levels of low and high value-added.  
For classes with a low level of value-added (Fig. 1), the system of relationships is characterized by a low number 
of relationships. Those pairs of concepts that have a more evident system of relationships consist of Groups-
Question (with a number of connections amounting to 13), Groups-Difficulties (with a number of connections 
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amounting to 12) and Results-Groups (with 11 connections) (Table 1). More generally, the graph has a pattern 
characterized by relationships between Question-Groups-Results and between Question-Groups-Difficulty. In 
classes with a low value-added no dimension has a central function, the different areas are more fragmented and the 
only relationships that exist revolve mainly around the pair of concepts Question-Results. The system of 
relationships thus seems to suggest that a more traditional didactic approach was adopted for teaching these classes, 
with the use of methodologies focused on results and on a classic learning process based on stimuli of a question-
answer type. 
 
Fig. 1. System of relationships between concepts in classes with a low level of value-added. 
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Table 1. Number and typology of connections between concepts associated with a low level of value-added. 
Connections at the low level of 
value-added Field 1    Field 2 
13 Groups Question 
12 Groups Difficulty 
11 Results Groups 
10 Groups Observations 
10 Question Difficulty 
9 Response Groups 
9 Response Question 
9 Groups Interest 
8 Results Question 
8 Observations Question 
8 Question Interest 
7 Response Results 
7 Results Observations 
7 Results Difficulty 
7 Response Difficulty 
6 Response Observations 
6 Results Interest 
6 Observations Interest 
6 Observations Difficulty 
6 Difficulty Interest 
5 Response Interest 
The pattern that characterizes the most significant concepts related to classes with a high degree of value-added 
(Fig. 2) has a greater complexity and a richness than can be seen in classes with low levels of value-added. 
The graph shows the centrality and intensity of the relationship between the concepts of Discussion and Group, with 
a number of connections amounting to 14 (Table 2). The pairs of Group-Difficulty (13 connections) and Group-
Questions (11 connections) also have an interesting pattern. In general, the graph shows a less fragmented system of 
relations which revolves around the concepts of Group-Discussion-Difficulty. A second pattern consists of the 
concepts Group-Difficulty-Questions. The concept of Discussion has a central role in the network and it has the 
highest number of connections. The mapping seems to highlight elements associated with a more innovative and 
less directive teaching approach, based on methodologies intended to activate processes of participation and 
discussion in class, facilitated by the teacher.  
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Fig. 2. System of relationships between concepts in classes with a high level of value-added. 
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Table 2. Number and typology of connections between concepts associated with a high level of value-added 
Connections at the high level of 
value-added Field 1 Field 2 
14 Discussion Group 
13 Group Difficulty 
12 Experience Group 
12 Discussion Difficulty 
11 Group Questions 
10 Experience Discussion 
9 Discussion Questions 
9 Group Work 
8 Experience Questions 
8 Work Questions 
8 Experience Difficulty 
8 Questions Difficulty 
7 Discussion Work 
7 Work Difficulty 
6 Experience Work 
5. Conclusions and recommendations 
The results of this study have allowed us to highlight some virtuous practices of teachers, which would otherwise 
have remained hidden, and they have revealed the presence of methodologies and teaching practices intended to 
stimulate the interest and participation of the students. Those classes that have the highest improvements 
in competency in mathematics seem to be characterized by teaching practices based on cognitive activation (OECD, 
2013) that encourage students to work independently as well as in a participatory way and that favour learning in 
innovative teaching contexts. These teaching methods seem to be able to promote learning in stimulating 
educational contexts, which can support students in the search for solutions that are not obvious. Teaching contexts 
of this type are characterized by a clear understanding of the social nature of learning, in which processes of 
participation, autonomy and the critical construction of choices play a key role (Bolhuis, 2003; Reeve, Bolt & Cai, 
1999). 
In these contexts factors that enhance the classroom as a place of motivation, involvement and discussion take on 
a greater importance and interest, and thus students are motivated to learn, as well as to become 
more autonomous and aware of the relevance of what they have studied, within a learning process that is also useful 
outside the context of school alone. 
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